A field trial was conducted on several hundred farms in The Netherlands to compare the fertilizing capacity of boar spermatozoa stored for 1, 2, or 3 d at 18 C in either Kiev or Beltsville liquid extender (BL-1). Two storage volumes (25 and 100 ml) were used. Twelve Dutch Landrace boars, all in routine commercial artificial insemination service, provided the semen in twice-a-week collections. Over an 8-wk period in March and April, 1979, 2,849 sows and gilts were inseminated. Farrowing rates were higher (P<.0001) with Kiev extender than with BL-1 extender (69.3 vs 60.5%) when semen was used over a 3 d period. The volume at which the semen was extended and stored had no effect on any parameter. Farrowing rate declined significantly when semen stored at 18 C for more than 2 d was used (74.5% vs 64.7% with semen stored for 1 and 3 d in Kiev extender; 65.9% vs 52.7% with semen stored for 1 and 3 d in BL-1 extender). The farrowing rate, total number of pigs/litter and live pigs/litter were significantly higher for sows than for gilts inseminated with similarly extended semen. On 1 We acknowledge the excellent technical assistance of E. A. Aalbers-Smit, M. Den Besten, J. H. Van Nimwegen and W. Jacobs.
Introduction
The use of boar semen that has been collected, extended in a suitable diluent and used for artificial insemination (AI) of swine is currently on the increase throughout the world. Boar semen used for this purpose is collected, diluted and used the same day or stored for up to 6 d at temperatures ranging from 5 to 23 C. Ahhough the users of some extenders claim normal fertility results with storage up to 6 d, in actuality very little semen is extended and stored and used beyond 3 d after collection. Inseminations are usually conducted by a professional inseminator or by the producer himself. A storage temperature of 15 t6 18 C has generally been the most successful for boar semen. Several extenders are currently in use throughout the world by commercial AI centers. Among them, Kiev (also known as Guelph) is the most widely used (Plisko, 1965) . Others which are used, but to a lesser extent, are the Beltsville liquid extender (BL-1; Pursel et al., 1973) , the Illinois variable temperature (IVT; du Mesnil du Buisson and Dauzier, 1958) , the SCK-76, milk extender (Waide et al., 1977) and the Zorlesco (Gottari et al., 1980) . A storage and insemination volume of 100 ml is normally recommended for most extenders. 6 Walls Meat Co., LTD0 England.
However, storage of semen extended in BL-1 132 JOURNAL OF ANIMAL SCIENCE, Vol. 54, No. 1, 1982 was more successful using a 25 ml volume, followed by dilution to 100 ml just prior to insemination (Pursel et al., 1973) .
The purpose of this study was to compare the use of Kiev and BL-1 in commercial AI practice, at three storage times (1, 2 and 3 d) and two storage volumes (25 and 100 ml) in sows and gilts under management conditions.
Materials and Methods
Twelve mature Dutch Landrace boars in routine artificial insemination (AI) service and 2,849 sows and gilts located on several hundred farms in the southern half of The Netherlands were used in this trial. Sows and gilts were either Dutch Landrace, Dutch Large White or F 1 crosses.
A modified sperm-rich fraction of semen was collected twice-a-week by the gloved-hand rubber sleeve method. Semen was evaluated immediately for sperm motility (x 125); sperm concentration was determined with a photometer. A factoriaUy designed experiment was replicated with 12 boars. The factors were extender (BL-1 and Kiev), storage volume (25 and 100 ml), parity group (sows or gilts), and storage time (1, 2 or 3 d). Immediately after evaluation, the semen was extended in BL-1 or Kiev extender (table 1) to give an insemination dose of 3 x 10 9 sperm. The containers used for the 100-ml dose were flexible plastic insemination bottles. For the 25 ml volume, a Securitainer 7 (26 x 51 ram) was used. The extended semen in the respective containers was used on the same day of collection or stored at 18 C in a mechanical storage unit until used on the second or third day (day of collection = d 1).
Diluted semen was taken by inseminators and used at random on that day (d 1, 2 or 3). Number of inseminations were not balanced among sows and gilts or farms. All sows and gilts were inseminated once, 12 to 24 h after detection of standing estrus using a Melrose catheter. Volumes of 100 ml were inseminated in all instances regardless of storage volume (75 ml of the appropriate extender was added to the 25-ml storage volumes immediately before insemination). Twenty-one inseminators, all of whom were regular inseminators of the AI center, traveled to the farms on their regular routes and conducted the inseminations.
~J and J (Plastics) Ltd., London. The data were evaluated by analysis of variance according to the General Linear Models procedure of the Statistical Analysis System (Barr et al., 1979) . Boar means for each dependent variable were the units for analysis. The test term was boar x treatment interaction.
Results and Discussion
A total of 2,849 sows and gilts were inseminated. Farrowing data for 286 sows and gilts were incomplete and thus, the data presented includes 2,563 inseminations.
Farrowing rates and litter size for semen extended in BL-1 or Kiev extenders and for 1, 2 or 3 d of storage at 18 C are presented in table 2. The two storage volumes (25 and 100 ml) gave similar responses; therefore, data were combined across volumes. There was a tendency in most cases for BL-1 to give a better response at the 25 ml than at the 100 ml volume. A higher (P<.001) percentage of females farrowed after AI with semen extended in Kiev than after AI with semen stored in BL-1 (69.3 vs 60.5%). Total pigs/litter, pigs born alive and pigs born dead did not differ significantly between extenders.
Farrowing rates for sows or gilts inseminated with semen on d 1 and 2 averaged 69.9 and 65.9%, respectively. The farrowing rates for these 2 d were greater (P<.0005) than the farrowing rates for sows inseminated with semen stored for 3 d. The number of pigs/litter and the number of pigs born alive/litter were greater for females inseminated with semen stored for 1 d than for females inseminated with semen stored for 2 d (P<.005) or 3 d (P<.007). The 8.9 9.0 8.3 9.8 9.0 aDifferent from mean for BL-1, (P<.0001).
farrowing rate for semen extended in Kiev decreased uniformly from d 1 to 3 of storage, but the farrowing rate with semen extended in BL-1 decreased more from 2 to 3 d of storage than from 1 to 2 d of storage (table 2) . The difference in the rate of decrease in farrowing rate resulted in a significant storage time x extender interaction. With semen stored in Kiev extender, the total number of pigs/litter varied little from 1 to 3 d of storage but with semen sl~or~d in BL-1 extender, the number of pigs/ litter decreased by 1.4 pigs. Most of the decrease associated with BL-1 appeared to occur from d 2 to 3 and resulted in a significant interaction of extender x storage time (P<.04). The influence of storage volume on farrowing rate differed between extenders. When semen was stored in the Kiev extender at the 100 ml volume, farrowing rates were 75, 67 and 70% for d 1, 2 and 3. Comparable values with semen extended in BL-1 were 68, 58 and 51%, respectively. However, when semen was stored in the 25-ml volume, farrowing rates were 75, 70 and 60% with semen stored in Kiev for 1, 2 and 3 d and 64, 67 and 54% with that stored in BL-1 for 1, 2 and 3 d, respectively. This inconsistency in response across extenders, volume and storage times resulted in a significant interaction (P<.02). With the Kiev extender, the 100-ml storage volume appeared to provide better preservation on d 3 than the 25-ml storage volume.
Overall farrowing rates among sows and gilts are presented in table 3. A higher percentage of sows than gilts farrowed and sows had significantly more pigs/litter, total and alive (table 3). These differences were not unexpected, because numerous reports have shown higher ovulation rates and larger litter sizes for parous females than for gilts. There was a significant (P<.02) extender x volume x storage time x parity interaction for farrowing rate. This complex interaction appeared to be caused by the response of gilts to insemination with semen stored at the 100 ml volume in either BL-1 or Kiev. The respective means for these gilts reveal the dramatic differences between storage times. Mean farrowing rates for BL-1 were 62, 48 and 34%, and for Kiev 77, 56 and 79% for 1, 2 and 3 d of storage at 18 C. The physiological basis for the dramatic differences compared to the 25 ml volume and sows at either volume is not known. The variation among boars in their fertility levels was not unexpected. However, it is likely that farrowing rates would have been even lower had the boars been from a general population of boars since AI boars are generally judged more carefully on their capacity to maintain high levels of fertility. Presented in Table 4 is the fertility data for each boar.
The farrowing rates obtained with semen used on the day of collection can be compared with those from a previous study in which the same facilities but different boars were used (Johnson et al., 1981) . In that study, involving 12 boars and semen diluted in Kiev extender and used on the day of collection, the farrowing rate was higher (79%) than for semen extended in Kiev and used in sows on the day of collection only in this study (Kiev 75%). Though the difference was not large, differences in farms and breed of boar may have had an influence on the results.
In another trial, (L. A. Johnson et al., unpublished) , under conditions similar to those described here, semen was collected from 61 boars, diluted in BL-1 and Kiev extenders and used to inseminate 1,842 sows and gilts on the day of collection. Farrowing rates averaged 73% for females inseminated with the BL-1 extended semen and 72% for the females inseminated with the Kiev extended semen. The reason for the more favorable response from the BL-1 extended semen in this trial compared to the previous one was not apparent.
The initial fertility trial in which BL-1 extender was used (Pursel et al., 1973) indicated that BL-1 may be effective in maintaining fertilizing capacity of boar semen for several days. In that study, 110 gilts were inseminated with semen that had been extended in BL-1 and stored for 1, 3, and 5 d at 15 C. The pregnancy rate at 30 d gestation was 58, 73 and 58% among females inseminated with semen stored for 1, 3 and 5 d, respectively. Paquignon et al. (1979) also conducted a comparative study involving BL-1 and Kiev extenders. In that trial, conception rates for 90 sows inseminated with BL-1 extended semen stored for 1, 2 and 3 d were 59, 71 and 54%. Corresponding figures obtained for 121 sows inseminated with semen extended in the Kiev (Guelph) extender were 67, 76 and 63%. Double inseminations were conducted with d 3 semen. Those results also indicated a decline in fertility closely associated with the number of days semen had been extended and stored.
It is apparent from the results described herein and those results cited above that current extender technology cannot prevent a decline in fertility when diluted semen is held beyond 2 d at 15 to 18 C. Although BL-1 and Kiev extenders are somewhat similar in composition, the pH of the extended semen is quite different: 8.0 to 8.2 with BL-1 extender vs 7.2 with semen extended in Kiev (measured within a few hours of dilution). The pH of stored semen was not determined for this trial. Osmotic pressure was also substantially different in the two extenders: 309 mOsmol/kg in BL-1 vs 406 mOsmol/kg in Kiev.
On the basis of these studies, Kiev extender is currently the extender most suitable for use in liquid semen AI. The extended semen can be stored at 18 C for 3 d and used on the third day, but with some loss in fertilizing capacity.
